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Description 
BACKGROUND 

5 This invention relates to a process for preparing low molecular weight phosphonate-terminateci polymers. In par- 

ticular, this invention relates to a process for the efficient use of phosphorous acid as a chain transfer agent in aqueous 
polymerizations. 

Low molecular weight polycarboxylic acid polymers and their salts are useful as dispersants, scale inhibitors, 
detergent additives, sequestrants, etc. Generally a molecular weight below 50,000 is necessary for effective perform- 
to ancc and often very low molecular weights below 1 0,000 are most effective. It is common to use chain transfer agents 
in the polymerization reaction to produce low, and especially the very low, molecular weight polymers. Phosphorous 
and hypophosphorous acid and their corresponding salts (commonly sodium phosphite and hypophosphite, respec- 
tively) are particularly desirable chain transfer agents, chosen primarily because they introduce phosphonate and phos- 
phinate functionality, respectively, into water-soluble polymer molecules which confers superior performance properties 

is in some applications. As used hereinafter and in the appended claims, the term "phosphorous acid" is intended to 
include phosphorous acid and its derivatives, for example, salts thereof, such as alkali and alkaline earth metal salts 
(metal phosphites), unless a clearly different meaning is indicated. 

Inefficiency is a problem that is common to most of the known processes utilizing phosphorous acid as a chain 
transfer agent. A significant portion is not incorporated into the polymer and remains unreacted or is converted to other 

20 species such as phosphoric acid or corresponding salts. As a consequence, high levels of phosphorous acid are re- 
quired to obtain low molecular weight polymer. Since phosphorous acid is relatively costly its use may be prohibitively 
expensive if the phosphorous acid is not used efficiently. 

A second disadvantage arising from the inefficiency is the significant amounts of unreacted phosphite or oxidized 
byproduct, such as phosphate, satt residues present in the reaction product. These salts do not contribute to perform- 

25 ance thereby diluting the activity of the reaction product. In some cases, such as preparing concentrated clay slurries, 
these salts can interfere with the dispersing process. 

Low molecular weight polycarboxylic acid polymers are conventionally produced by reacting certain olefinic mon- 
omers with phosphorous acid or phosphorous acid derivatives in the presence of a free-radical initiator. Yields of the 
desired phosphonate-terminated polymer are low, and the polymer contains high levels of residual phosphorous acid 

30 and phosphate impurities. When derivatives of phosphorous acid, tor example esters, are used as chain transfer agents, 
separate hydrolysis and stripping steps are required to recover the polymer. For example, EP 360746A discloses a 
method of preparing copolymers containing phosphonate endgroups involving the reaction of olefinic reactants with 
phosphorous acid or derivatives thereof (such as dialkyl phosphites or alkali metal salts) in the presence of a free- 
radical initiator. The use of dialkyl phosphites as starting materials in this method requires the use of non-aqueous 

35 systems and subsequent hydrolysis and purification. 

Another method of preparing copolymers containing phosphonate endgroups using hypophosphorous acid is dis- 
closed in U.S. Patent 5,376,731 . The method disclosed involves the reaction of an olefinic reactant with an monoalkyl 
phosphinate to form a dialkyl phosphinate intermediate, followed by oxidation of the latter to a phosphonate-terminated 
polymer. Hypophosphorous acid is initially reacted with a carbonyl compound to form the monoalkyl phosphinate. This 

40 process involves several separate steps, that may require isolation of intermediates, etc., and has the further disad- 
vantage of producing a mixture of phosphinate and phosphonate-terminated polymer product, unreacted hypophos- 
phite and chloride byproducts. 

US 5,386,038 discloses the preparation of phosphonate-terminated oligomers of maleic acid and acrylic acid using 
sodium phosphite in the presence of a high levels of free-radical initiator. US 4,046,707 discloses the preparation of 

45 copolymers containing phosphonate and phosphinate endgroups involving the reaction of olefinic reactants with phos- 
phorous acid or hypophosphorous acid and derivatives thereof (such as dialkyl phosphites, alkyl hypophosphites, 
phosphinic acids and alkali metal salts) in the presence of a free-radical initiator; the use of phosphorous acid to prepare 
low molecular weight poly(acrylic acid) is disclosed. GB 996,737 discloses the use of phosphorous acid or its salts to 
produce high molecular weight polymers that are useful in producing fibers, where the pH of the reaction mixture is 

50 adjusted to 4-5 before the polymerization. US 4,621,127 discloses the preparation of carboxyl-containing polymers 
where inorganic phosphorus compounds, including hypophosphite and phosphite, are used to improve the color of the 
resulting polymer solutions. 

The present invention seeks to overcome the problems associated with prior art processes used to prepare phos- 
phonate-terminated polymers. 

55 

STATEMENT OF INVENTION 

According to a first aspect of the present invention there is provided a process for preparing low-molecular weight 
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percent, based on equivalents, of the acid groups of the unsaturated carboxylic acid monomers 
" DETAILED DESCRIPTION 

,*stic^s?r,h a ji s o™ ec,K 'r m on *," more 01 ac,y ' ie •* me,h ^ fc «* 

™ " acryiamioo.2-meth>rlpropar.esurlorric acid ana water-soluble salts thereof 
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acid-free monomers Other polymers of interest include those based on monomers comprising from 25 to 90 percent 
by weight of monomers selected from one or more of unsaturated mono- and dicarboxylic acid monomers and from 
75 to 10 percent by weight of monomers selected from one or more unsaturated "non-carboxylic" acid monomers. 

If desired it is possible to incorporate polyethylenically unsaturated compounds into the polymerization process. 
Polyethylenically unsaturated compounds function as crosslinking agents and will result in the formation of higher 
molecular weight polymers. 

The chain transfer agent or chain regulator used in the process of the present invention is phosphorous acid or a 
salt thereof such as sodium phosphite or ammonium phosphite. Phosphorous acid may be used at a level of from 1 
to 25%, preferably from 2 to 20%, more preferably from 5 to 20% and most preferably from greater than 5% to about 
1 5%, by weight based on total monomer weight. 

The purpose of using phosphorous acid in the polymerization of unsaturated acid monomers is two fold, one 
objective is to provide polymers containing substantially all phosphonate endgroups, that is, no phosphinate groups. 
The desirable end use properties of such polymers versus phosphino or mixed phosphono/phosphino polymers as 
dispersants and scale inhibitors in water treatment applications is discussed elsewhere. The second objective is to 
use the chain transfer activity of the phosphono group to provide low molecular weight polymers in a controlled manner, 
that is, to provide very low molecular weight polymers, such as those having a weight average molecular weight below 
10,000, preferably below 5,000. . 

Prior art methods used to produce polymers with phosphono/phosphino endgroups have depended primarily on 
the use of hypophosphorous acid and its derivatives as chain transfer agents. The efficiency of hypophosphorous acid 
as a chain transfer agent is significantly greater than that of phosphorous acid and accounts for the wide use of hypo- 
phosphorous acid and hypophoshites as chain transfer agents. However, the the use of hypophosphorous acid intro- 
duces primarily phosphino groups or mixtures of phosphino and phosphono groups into the resultant polymers; poly- 
mers containing substantially all phosphono groups are not readily available by this route. 

Methods used to improve the efficiency of hypophosphorous acid as a chain transfer agent to provide phosphmate- 
containing polymers are disclosed in US 5,077,361 and US 5,294,686. These references teach 50-90% and 64-98%, 
respectively, tor hypophosphorous acid chain transfer efficiency. 

In contrast to the 50-98% chain transfer efficiency for phosphorus incororation using hypophosphorous acid that 
is taught in the above references. US 4,046,707 discloses a process using phosphorous acid, ostensibly to provide 
phosphonate-terminated poly(aciylic acid), where the efficiency of phosphorus incorporation is only about 20-25% 
(Examples H and I, columns 6-7). Thus, although the preparation of phosphonate-terminated polymers has been dis- 
closed by various synthetic routes, there is a need to overcome the inefficient utilization of phosphorous acid in the 
preparation of these polymers, since even the use of hypophosphorous acid, a much more efficient chain transfer 
agent does not produce the desired phosphonate-terminated polymers. 

When using phosphorous acid as the chain transfer agent, the in-process solids level has a significant effect on 
the chain transfer efficiency. "In-process solids" level is the amount, by weight, of solid reactants or reactants ultimately 
converted to solid materials (such as polymer), relative to the total weight of the reaction mixture (combined weight of 
solid reactants and water) in the reactor at the end of the polymerization, that is. at the end of any monomer or initiator 
feeds but before any dilution water is added for post-polymerization processing. Preferably, the polymerization is run 
at in-process solids levels of from 40 to 70%. more preferably from 50 to 70%, and most preferably from 55 to 65% by 
weight At in-process solids levels above about 70% by weight the viscosity of the polymer solution increases to the 
point where mixing becomes difficult. If the polymer solution is not mixed well, gel formation.or other impurities may 
be observed By conducting the polymerization at an in-process solids level of at least about 50% by weight, the relative 
amount of sodium phosphite (phosphorous acid chain transfer agent) that enters into the chain transfer process and 
becomes incorporated into the polymer molecules (as phosphonate endgroups) is increased. 

An example of the effect of in-process solids level on polymer molecular weight is summarized in Table 1 (polym- 
erization conditions as described in Example 4 except for the variation of in-process solids level: 1 % persulfate initiator, 
6 ppm Fe promoter, 10% phosphorous acid (based on monomer) and 95% in-process neutralization). The degree to 
which increased in-process solids levels effectively decrease the molecular weight is a direct indication of increased 
phosphorus incorporation into the polymer. 

Table 1 



55 



Example # 
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In-Process Solids (%) 
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mo™ US ' ,° pbosph ° rous acid as ,he chain tra nsfer agent, it is preferred that any unsaturated carboxylic acid 

SSST ,nC H ' n m ° n0mer miX ' Ure 56 USSd in thSir Partia " y neutra '** d » salts of the unsaturated 
WhtX ™ nomers are " sed they may be neutralized prior to the polymerization or during the polymerization 

mav b^L f ! Th^ 1 ? aC ' d m0n ° merS neUtra,i28d durin 9 ,he PO^erization, the neutralizing solution 
may be fed separately, cofed. or fed wrth one or more of the other feeds. The alkaline neutral*er may be any inorganic 
or organ.c base. Among the preferred bases for partially neutralizing the one or more unsaturated carboxylic acid 
monomers are for example, sodium hydroxide, potassium hydroxide, ammonium hydroxide, triethanolamine dimeth- 
ylaminoethanol, ethanolamine and trimethylhydroxyethylammonium hydroxide 

and ZlTrtVn^ST* d< Y ee ? in - process neutralization has a signicificant effect on the chain transfer efficiency 
Tl^rl ,nCOrp ° ra ; 0n 0f P h °sphorus >nto the polymer chain when using phosphorous acid as the chain transfer 
agent. The improved eff.c.ency is obtained by the in-process neutralization of any carboxylic acid containing monomers 
In-process neutralization,' as used herein, refers to the relative degree of neutralization, on an equSnTs basT of 

SLn ^ 9r ° UPS (fr ° m thS USS ° f unsaturated carboxylic acid monomers) that occurs during the polymeri- 

zation. When used, in-process neutralization preferably comprises cofeeding 30 to 100%, preferably greater than 40% 

cllZi 9re ??r 50% ' m ° St Pref8rab,y 9reater tnan 7S% - eo - uivalents * a,ka " n ° neutrJLS^th; 
carboxyhc acid or anhydr.de monomer content of the reaction mix) along with any unsaturated carboxyl c acid mono- 

r saturated "non^arboxylic" acid monomer or unsaturated acid-free monomer, phospho- 
rous acid chain transfer agent, water-soluble initiator and water to the reactor 

of eh ^n e t«!rcfl e r !L the t ef,eCt ° f thS d !? re t ° f in - process neutralization on polymer molecular weight and the utilization 
i^^l^J-* UmmanMd " f ' e 2 (P °* merization cond « ions as described in Example 1 except for the 
ariH h 9 ">process neutralization: 92°C, 1 % persulfate initiator, 6 ppm Fe promoter 1 0% phosphorous 

bv?i?NMRan a ^TnH r ^ P ^°™ incorporation into the polymer was' determined 

oy *'P NMR analysis and is inversely proportional to 

Table 2 
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Mole % P Incorporated 


In-Process Neutralization (%) 
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15 


50 
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7440 


23 


75 
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The processes by which the polymers of the present invention may be prepared are aqueous processes substan- 

2 hl r : o ,:lT niC SO ' VentS ' ^ WatSr maV bS in,r ° dUCed int ° the p °'V-^ation reactoNnrtia..y P an separate SeS 
as the solven for one or more of the other components of the reaction mixture or some combination thereof The total 

b^weSh? " ^ t0 Pr ° Vide 3 fina ' P ° lymer SOMdS teVe ' preferab, V in ,he ra "9 e " om a "°"t 50 to about 70% 

Suitable initiators for the processes of the present invention are any conventional water-soluble initiators One 

,n ' t,at0rS t are thermal ini,iatore sucb as Pe~xide, certain alky, hydroperoxides, oS^ per 

oxides persuffates, peresters, percarbonates, ketone peroxides and azo initiators. Specific^xamples of suitable free- 

^STJSSl Ude hydr ° 9en per ° Xide - tert - bUty ' hydr0per0X ide ' ***** pa ^ide, sodium persuTa ^e Ammo- 
nium persulfate, potassium persulfate, tert-amyl hydroperoxide and methylethyl ketone peroxide. The water solute 
free-radical initiators are preferably used in amounts from 0.5 to 20%, more preferably from 1 to 15% and mosfpref 
erably from 2 to 10%, by weight based on total monomer weight m ° St pref 

for I!!! 01 ^ re J° X ^ UP ' eS (Per ° Xide P ' US reducin 9 agent) may also be used. Suitable reducing agents include 
for example, sodium bisulfite, sodium sulfite, isoascorbic acid, sodium formaldehyde-sulfoxylate and hydroxyzines ' 
t 3 C t w rt h suitable oxidizing agents, such as the thermal f ree-radicaMnitiatorslted above The eSg 

A preferred redox couple is persulfate and bisulfite. 

dnri^th!' Wate , r - SOl " ble metal sarts ma V be used to promote polymerization and to control the molecular weight 
^JESTZ IT" ^ ater - so,uble metal satts su <* as the salts of copper, iron, cobalt and manganese, may be 

and mtr^T X ° 2 °° PanS I 6 ' mi " i0n (PPm) by WSi9ht ° f ,he me{al ion ' based °n *>* total monomer wefghf 
and more typ.calty from 1 to 10 ppm. Preferably, no metal promoter is used. When used, the preferred metal salts are 
copper salts and iron salts, which include all inorganic and organic compounds that will generate copper o Sn ions 
,n aqueous solution. Surtable salts include, for example, sulfates, nitrates, chlorides, and acetates and gluconales 
The process o, the present invention can be conducted as a cof eed or heel process, and is preferably a combination 
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heel process. Furthermore, the process can be done in a batch or continuous manner A heel process is one where 
all of one or more of the reactants are present in the polymerization reactor, and the remaining reactants are metered : 
or fed, into the reactor over a period of time. A cofeed process is one where all of the reactants are metered, or fed. 
into the reactor over a period of time. A combination of a heel and a cofeed process is one where a portion of one or 

s more of the reactants are present in the polymerization reactor, and the remainder of the one or more reactants are 
metered, or fed : into the reactor over a period of time. In a continuous mode, continuous removal of a portion of the 
reactor contents would be started after a portion of the reactants had been added, for example after approximately 30 
minutes. The rate of the addition of the remaining reactants would then be continued at a rate equal to the discharge rate. 
Preferably, the process of the present invention is conducted as a combination of a heel and a cofeed process 

10 wherein a portion of the chain transfer agent is present in the polymerization reactor and the remainder of the chain 
transfer agent and the other reactants are metered into the reactor. Preferably, from 50 to 100% of the total amount of 
chain transfer agent, such as phosphorous acid, is present in the reactor and the remainder of the chain transfer agent 
and the other reactants are metered into the reactor. Similarly, the other components used in the polymerization process, 
including optional components, such as metal salt promoters, can be present in the reactor or metered into the reactor 

is or a combination thereof. Preferably, from 75 to 100%, more preferably substantially all, of the unsaturated acid mon- 
omers or salts thereof, and the one or more water-soluble initiators are fed into the reactor. The components which 
are fed into the reactor may be fed as separate streams or combined with one or more of the other feed streams. It is 
preferred that the initiator and the one or more monomers be fed as separate streams. 

The streams are preferably fed linearly, that is, at constant rates, into the reactor. The feeds are generally conducted 

20 over a period of time preferably ranging from 5 minutes to 5 hours, more preferably 30 minutes to 4 hours, and most 
preferably 1 hour to 3 hours. If desired, the streams can be staggered so that one or more of the streams are started 
and/or completed before the others. The chain transfer agent stream may be started at the same time or before the 
one or more monomer streams, and preferably the chain transfer agent stream is completed at the same time or before 
the one or more monomer streams are completed. 

25 The temperature of the polymerization reaction will depend on the choice of initiator and target molecular weight. 

Generally, the temperature of the polymerization is up to the boiling point of the system, for example from 60 to about 
150°C, although the polymerization can be conducted under pressure if higher temperatures are used. Preferably, the 
temperature of the polymerization is from about 80 to 120°C and most preferably from 85 to 110°C. 

Compositions with high levels of polymeric phosphorus and low inorganic levels of inorganic phosphorous com- 

30 pounds are more useful in a number of end use applications including dispersants for paint formulations, additives for 
laundry and machine dishwashing detergents, mineral dispersants, dispersants for kaolin clay slurries and scale in- 
hibitors, dispersants and corrosion inhibitors for water treatment and oil production. The fate of the phosphorous acid 
in the polymerization process is as a mixture of species; the phosphoric acid and phosphate species arise from oxidation 
side reactions. NMR analyses indicate the compositions include: 

35 

A - Polymeric 

( 1 ) Monoalky I Phosphonate 



Polymcr-P-OH(Na) 



45 

B - Inorganic (unincorporated) 
(2) Phosphorous Acid (or salt) 

so 

O 
B 

H-P-OH(Na) 
I 

55 OH(Na) 



(3) Phosphoric Acid (or salt) 
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(Na)HO-P-OH(Na) 
I 

OH(Na) 

.h. ra f° °l theS ^ SPSCieS PreS8nt in the P0lymer product is a ,unction of process employed As illustrated bv 
the examples, the polymerization processes conducted at an in-process solids level of at ^leaS/ reluS in 2 
effoent use of the phosphorous acid as a chain transfer agent* that is, the process pr^£ test Zcor^ed 
morgans compounds and more pofymer species, without haying to resort to other n»nTSSti^TpSSSJ 

endgroups ^ inV6nti ° n " ,h ° Se ^ *' ^ e ^ pS ™ ^SSS^Z^ 

emJertrtZtnoTZ^l T ^ f th !" arrow P^persity of a polymer product is also an indication of the 

sIS ooSl« o , T u a9ent The PrOC6SS ° f the Present invention resuft * in low molecular weight water- 
soluble polymers conta.mng phosphonate moieties incorporated into the polymer as endgroups Low moSr Sfht 

nnf m ° ,eCUlar WSi9ht ^ ' eSS 20 - 000 ' pref ^ b 'y *~ t^n 1 0,000 a^ mStZaS 

less than 5.000 In addrt-on, the process of the present invention results in potymers having a narro* ££5 spersSy 

,S S m ti0 ,° f WSi9ht aVera9e m ° leCU,ar W6i 9 ht <*U to « he "«*•' ^nSvJSS^SS 
Jo^poTy^^ 

An apphcation of particular interest for polymers containing phosphonate endgroups made by the crocess of the 

uSSTZSZ? 65 ° f P ° lym8rS 38 SC3le inhibit ° rS ,0r ™~ treatment and o7 praduct on e3 a J the 
ExTnS Sitf? PreCiprt f t,0a Table 3 —arizes the efficiency of BaS0 4 inhibition (test meZ desc toed in 
Example 12) for a comparative polymer additive (A) prepared by a prior art method (hypophosphorous acid and a 
polymer prepared by the method of the present invention (B); polymers prepared by the method X3e^£H^ 

ventional methods when used at the same dosage levels. H ^ y 





BaS0 4 Precipitation Inhibition 


Example 


Polymer/ Method of Prep 


Type of Polymer 


M w 


% Inhibition @ 24 and 32 ppm 


A 1 (comp) 
B2 

1 = commercial sam 


Poly(AA) (hypophosphite) 
Poly(AA) (phosphorous acid) 

pie (mixture of diaJkvl and monoalkvl oho. 


Phosphinate 
Phosphonate 


3160 
3650 


48/51 
62/90 



= prepared by method of present invention 
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Some embodiments of the invention are described in detail in the following Examples All ratios r>*n* *nrt nor 
unless otherw.se speeded. Abbreviations used in Examples and Tables arelisted below: commercial 

AA = Acrylic Acid 

MAL = Maleic Acid 

MAA = Methacrylic Acid 

AMPS = 2-Acrylamido-2-methylpropanesulfonic acid 



IPN = 
IPS = 
Init = 
PHA = 
EDTA = 



In-Process Neutralization (%) 
In-Process Solids (%) 
Initiator 

Phosphorous Acid (% based on monomers) 
Ethylenediaminetetraacetate 



Table 4 summarizes the experimental parameters of the Examples described below. 
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Ex# 


IPS 


% Init 


Fe ppm 


% PHA 


Polymer 


IPN 


Temp °C 


M w 


1 


56 


-I 


6 


10 


AA 


50 


92 


11300 


1A 


56 


1 


6 


10 


AA 


30 


92 


11000 


2 


56 


-1 


6 


10 


AA 


75 


92 


7440 


3 


55 


-1 


6 


10 


AA 


100 


92 


4890 


4 


40 


-j 


6 


10 


AA 


95 


92 


16100 


4A 


56 


1 


6 


10 


AA 


95 


92 


5540 


4B 


60 


1 


6 


10 


AA 


95 


92 


4040 


5 


50 




6 


10 


AA 




QO 


oai n 


6 


56 


2 


6 


10 


AA 


95 


98 


4050 


7 


56 


2 


0 


10 


AA 


95 


98 


2860 


8 


56 


2 


0 


10 


70AA/30MAA 


95 


98 


4340 


9 


54 


2 


7.5 


8 


65AA/25MAL/10AMPS 


28 


92 


10700 


10 


51 


2 


7.5 


8 


65AA/25MAL/1 OAMPS 


89 


92 


4340 


11 


49 


2 


o 


5 


AMPS 


0 


98 


3290 



Example 1 Poly(AA) 

To a 500-milliliter four neck flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
inlets for the gradual addition of monomer, caustic and initiator solution, was added 70.20 grams of deionized water, 
15 00 grams of phosphorous acid (Aldrich, 99%), 14.63 grams of 50% aqueous sodium hydroxide and 3.00 grams of 
0. 1 5% FeS0 4 .7H 2 0. To a stirred solution of the above ingredients maintained at 92°C, 1 .50 grams of sodium persulfate 
in 10.00 grams of deionized water, 83.30 grams of 50% aqueous sodium hydroxide and 150.00 grams of glacial acrylic 
acid were added linearly and separately over 1 20 minutes. After addition of the aforementioned feeds, the reaction 
mixture was held at temperature for 30 minutes. 

The solution polymer at pH 5.0 was measured to have a solids content of 50.9%, residual acrylic acid of 951 ppm 
and a Mv, of 11,300 with a M n of 7,040. The 31 P NMR indicated that 15 mole % of the phosphorous acid was present 
as an alkylphosphonate. 

Example 1 A Poly(AA) 

Same as Example 1 except that in-process neutralization was decreased to 30%. 
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Example 2 Poly(AA) 

To a 500-milliliter four neck flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
inlets for the gradual addition of monomer, caustic and initiator solution was added 50.00 grams of deionized water, 
15.00 grams of phosphorous acid (Aldrich, 99%), 14.65 grams of 50% aqueous sodium hydroxide and 3.00 grams of 
0.15 weight % FeS0 4 -7H 2 0. To a stirred solution of the above ingredients maintained at 92°C, 1 .50 grams of sodium 
persulfate in 10.00 grams of deionized water, 124.90 grams of 50% aqueous sodium hydroxide and 150.00 grams of 
glacial acrylic acid were added linearly and separately over 120 minutes. After addition of the aforementioned feeds, 
the reaction mixture was held at temperature for 30 minutes, then diluted with 46.70 grams of deionized water and 
cooled to room temperature. 

The solution polymer at pH 5.8 was measured to have a solids content of 51 .5%, residual acrylic acid of 863 ppm 
and a IvV of 7,440 with a M n of 5,430. The 31 P NMR indicated that 23 mole % of the phosphorous acid was present 
as an alkylphosphonate. 

Example 3 Poly(AA) 

To a 500-milliliterfour neckflask flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
inlets for the gradual addition of monomer, caustic and initiator solution, was added 29.70 grams of deionized water, 
15.00 grams of phosphorous acid (Aldrich, 99%), 14.60 grams of 50% aqueous sodium hydroxide and 3.00 grams of 
0. 1 5% FeS0 4 -7HoO. To a stirred solution of the above ingredients maintained at 92°C, 1 .50 grams of sodium persulfate 
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aJd wSh?h J 610 "? ^ T"' 1 66 ' 5 ° 9ramS ° f 5 ° % aqUeOUS Sodium h y droxide and 1 50.00 grams of g,acial acrylic 
ac^d were added hnearly and separately over 120 minutes. After addition of the aforementioned feeds the ea^cn 

Xera": * ,emP6ra,Ure 3 ° then dHUted With 50 00 ° f **>™°« ^E^S^ 

5 ^ ""I! SOlU,i ° n P °' ymer 31 pH 7 8 was me asured to have a solids content of 50 5% residual acrvlic acid of bs<* nnm 

Example 4 Poly(AA) 

10 

in>«l°<^ 0 ™TV LT- f,3Sk 6qUipPed With mechanical stirrer, reflux condenser, thermocouple and septum 
nlets for the gradual addition of monomer, caustic and initiator solution, was added 186.00 grams oTdefonSd wateT 

FeSO %To r^TT S ,T " %) - 1463 9ramS ° f 50 % sodium "Vdroxide and 3.00 gZ * nsi 

is ,n 2 J* S ° t,0n ° f thS ab0Ve in 9 redie "ts maintained at 92>C. 1 .50 grams of sodium persulfate in 

is 10.00 grams of de.on.zed water, 158.2 grams of 50% aqueous sodium hydroxide and 150 00 grams TaCJ ac™ ic 

acid were added linear* and separate* over 120 minutes. After addition of the JSm^S^S^^S^ 

mocture was held at temperature for 30 minutes and then cooled to room temperature 

and ri^SSr.tftST me3SUred 10 ^ 3 C ° ntent ° f 411%; reSidUa ' ^ ^ * 2 06 % 
Example 4A Poly(AA) 

Same as Example 4 except that in-process solids was 56%. 
Example 4B Poly(AA) 

Same as Example 4 except that in-process solids was 60%. 
Example 5 Poly(AA) 



30 



inletMo 3 SSSST.S £!\ eqU ' PPed Wfth mechanical stirrer - reflu * condenser, thermocouple and septum 
5 nn ™ L k addition of monomer, caustic and initiator solution, was added 76.21 grams of deionized water 

J 15% KsO TH^SStS M^r 70 !; 14 63 9famS ° f 50% aqUSOUS «*-" h * d ™ de and 3 00 grams of 
in n t ,f d SOlUt, ° n ° f the above in 9 red ients maintained at 92»C, 1 .50 grams of sodium persulfate 

acid were added linearly and separately over 1 20 minutes. After addition of the aforementioned teeds he rLacSn 
.nocture was held at temperature for 30 minutes and then cooled to room temperature 

ppm 835 S W !io meaSUred t0 h3Ve 3 SOMdS COntent * 52 3% ' -** acid - ML 



Example 6 Poly(AA) 



inletJtot? ^dS S- / a8k SqUiPPed Wfth mechanical s ^rer. reflux condenser, thermocouple and septum 
5 00 a ll of h f ° f m0n ° mer ' ° aUStiC and initiator so,ution - was add * d 35 00 grams of deionized water 
0 15%FeS THOToaT T ^ " %) ' 1463 9ramS ° f 50% aqUSOUS «*m ^oxide and 3^0 gfams o 
iri in nn ™ ?f ! '"^ S ° IUt, ° n ° f the above in 9^dients maintained at 98-C, 3.00 grams of sodium persulfate 

Ud w° h!h h de,0n ' I Zed W3ter ' 1 58 20 9ramS °' 50% adueous sodium n V d ^ide and 150 00 gramTS gLia acL c 
aod were added ..nearly and separately over 120 minutes. After addition of the aforementionedTeeds he reacXn 

XerLre ttemPeratUre,0r 3 ° minUteS ' then d " Utad ^ 50 00 * ^Z^to 1m 

an(j !^ ' n ° ly ™ r f] ? H 6 3 was measured to have a solids content of 50.9%, 646 ppm of residual acrylic acid 

i: an a a^htsX:ate a * °' ^ ^ " P - 41 ™" e % ° f < he P~» - 

Example 7 Poly(AA) 

inlets^ th^duLTJZ ■""*, f ' aSk eqUiPP6d Wrth mechanical sti " er - »«lux condenser, thermocouple and septum 
-nlets for the gradual addition of monomer, caustic and initiator solution, was added 38.00 grams of deionized water 
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15.00 grams of phosphorous acid (Aldrich, 99%) and 14.65 grams of 50% aqueous sodium hydroxide. To a stirred 
solution of the above ingredients maintained at 98°C : 3.00 grams of sodium persutfate in 10.00 grams of deionized 
water. 158.00 grams of 50% aqueous sodium hydroxide and 150.00 grams of glacial acrylic acid were added linearly 
and separately over 120 minutes. After addition of the aforementioned feeds, the reaction mixture was held at temper- 
5 ature for 30 minutes, then diluted with 1 50.00 grams of deionized water and cooled to room temperature. 

The solution polymer at pH 5.7 was measured to have a solids content of 41.2%, no detectable residual acrylic 
acid, with a M,, of 2,860 and a M n of 2,460. The 31 P NMR indicated that 72 mole % of the phosphorous acid was 
present as an alkylphosphonate. 

io Example 8 Poly(70 A A/30 MAA) 

To a 500-milliliter four neck flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
inlets for the gradual addition of monomer, caustic and initiator solution, was added 41.5 grams of deionized water, 
15 00 grams of phosphorous acid (Aldrich. 99%) and 14.65 grams of 50% aqueous sodium hydroxide. To a stirred 

is solution of the above ingredients maintained at 98°C, 3.00 grams of sodium persulfate in 10.00 grams of deionized 
water, 150.50 grams of 50% aqueous sodium hydroxide and a mixture containing 105.00 grams of glacial acrylic acid 
and 4i5.00 grams of glacial methacrylic acid were added linearly and separately over 120 minutes. After addition of the 
aforementioned feeds, the reaction mixture was held at temperature for 30 minutes, then diluted with 150.00 grams of 
deionized water and cooled to room temperature. 

20 The solution polymer at pH 6.3 was measured to have a solids content of 40.8%, no detectable acrylic acid or 

methacrylic acid, with a N/^ of 4,340 and a M n of 3,420. The * P NMR indicated that 48 mole % of the phosphorous 
acid was present as an alkylphosphonate. 

Example 9 Poly(65 AA/25 MAL/10 AMPS) 

25 

To a 500-milliliter four neck flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
inlets for the gradual addition of monomer, caustic and initiator solution, was added 105.00 grams of deionized water, 
16.00 grams of phosphorous acid (Aldrich, 99%), 50.00 grams of maleic acid, 5.00 grams of 0.15% FeS0 4 -7H 2 0 and 
76 00 grams of 50% aqueous sodium hydroxide. To a stirred solution of the above ingredients maintained at 92°C, 
30 4 00 grams of sodium persulfate in 20.00 grams of deionized water and a mixture containing 130.00 grams of glacial 
acrylic acid and 44.25 grams of a 50% solution of the sodium salt of 2-acrylamido-2-methylpropanesulfonic acid (were 
added linearly and separately over 120 minutes. After addition of the aforementioned feeds, the reaction mixture was 
held at temperature for 30 minutes, then diluted with 40.00 grams of deionized water and cooled to room temperature. 

The solution polymer at pH 3.6 was measured to have a solids content of 50.2%, no detectable acrylic acid or 
35 maleic acid, with af^of 1 0,700 and a M n of 6,500. 

Example 10 Poly (65 AA/25 MALH0 AMPS) 

To a 500-milliliter four neck flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
40 inlets for the gradual addition of monomer, caustic and initiator solution, was added 75.00 grams of deionized water, 
16.00 grams of phosphorous acid (Aldrich, 99%), 50.00 grams of maleic acid, 5.00 grams of 0.15% FeS0 4 .7H 2 0 and 
76.00 grams of 50% aqueous sodium hydroxide. To a stirred solution of the above ingredients maintained at 92°C, 
4 00 grams of sodium persulfate in 20.00 grams of deionized water, 1 30 grams of 50% aqueous sodium hydroxide and 
a mixture containing 130.00 grams of glacial acrylic acid and 44.25 grams of a 50% aqueous solution of the sodium 
45 salt of 2-acrylamido-2-methylpropanesulfonic acid were added linearly and separately over 1 20 minutes. After addition 
of the aforementioned feeds, the reaction mixture was held at temperature for 30 minutes, then diluted with 45.00 
grams of deionized water and cooled to room temperature. 

The solution polymer at pH 7.0 was measured to have a solids content of 49.4%, no detectable acrylic acid and 
80 ppm of residual maleic acid, with a Mv, of 4,340 and a M n of 3,400. 

so 

Example 11 Poly(AMPS) 

To a 500-milliliter four neck flask equipped with mechanical stirrer, reflux condenser, thermocouple and septum 
inlets for the gradual addition of monomer, caustic and initiator solution, was added 20.00 grams of deionized water, 
55 7.50 grams of phosphorous acid (Aldrich, 99%) and 7.30 grams of 50% aqueous sodium hydroxide. To a stirred solution 
of the above ingredients maintained at 93°C, 3.00 grams of sodium persulfate in 10.00 grams of deionized water and 
281.30 grams of a 53.36% aqueous solution of the sodium salt of 2-acrylamido-2-methylpropanesulfonate (pH 8.5) 
were added linearly and separately over 1 20 minutes. After addition of the aforementioned feeds, the reaction mixture 



10 



EP 0 792 890 A1 



l r PeratU ? f ° r 20 minUt6S and ,hen cooled to room temperature. The solution polymer at pH 2 6 was 
a M o. 2 900 3 S C ° ntent ° f 50 3% n ° det6Ctable rSSidUal m ° n0mer <P ralon NMR). wrth" a ^ 0^3.290 and 



Example 12 Test Method for Barium Sulfate Inhibition 

The polymers prepared by the process of the present invention were tested for their ability to inhibit barium sulfate 

era, onTtTJ T ^ "T? * meaSUrin9 ° f bariUm SU ' ,ate COnsisted of the Allowing steps " ) P ep 

oMh^moun 5 £ h^h'h l ° be t6Sted ' (2) inCubation of tne «•« solutions and (3) measurement 

of the amount of banum wh,ch did not precipitate in the test solutions. Accordingly, in comparing two test solutions 

n !nh7b«fn?ml r« n9 , ,h8 ^ ^ C ° nt3inS a «^ "«S wZKS mo e effete 

in inhibiting metal sulfate scale formation. 

a nd In^Nhiw^t 8 W6rc Prepared ,rom 3 barium-containing solution, a sulfate-containing solution, a buffer solution 
exo ressed « T turner <° be tested: the concentration of polymer fn the inhibitor solution was 

P y T ' n 6 (H) ,0rm - The com P° sition ° f t"e barium- and sulfate^ontaining solu- 
ofbarTumch^Twl h" eqU3 ' 3moun „ ts ' W3S as show " " Table 5. The barium-containing solution contained 382 mg/ 
Lnd "n S2? cSton'd'e "° • " ^ ** ^ su " 3te * on,3inin 9 solution contained 4,378 mg/. of sodium sulfate 



Table 5 - 



Composition of "Barium Sulfate" Containing Solution 


Components 


Concentration: milligrams/liter (mg/l) 


KCI 


795 


NaCI 


49,060 


CaCI 2 


4,480 


MgCI 2 


3,665 


BaCI 2 


192 


SrCI 2 


526 


Na 2 S0 4 


2190 


NaHC0 3 


425 


Deionized Water 


balance 



Compositions of the buffer and inhibitor solutions were as follows: 



Buffer Solution 


Components 


Concentration 


CH 3 COONa.3H 2 0 
CH3COOH 
Deionized Water 


13.6 g/100gsoln 
0.535 g/1 00 gsoln 
balance 



Inhibitor Solution 


Components 


Concentration 


Scale inhibitor to be tested 
Deionized Water 


1 g/liter 
balance 



with di!£ HCr^lnhtf 6 " 0 ^'"'" 9 S0 ' U J i0nS W6re fmered thrOU9h 3 045 micr0n filterand ad i usted to * PH of 6.0 
wrth dilute HCI. The inhibitor solution was adjusted to a pH of 6.0 with dilute HCI or dilute NaOH 

h„ Jmhin 6 !? T"!' Tf, ^f 1 ^ 3 pol * mer to be ,eslea ' hereinafter called the "inhibitor test solution," were prepared 
fcorSoondfnl I"' f f b T TT f ° m ' ° f the sulfate ^aining solution, the desired amount of inhibitor soLon 
coSTsSon ° f 32 PPm b3Sed ° n t0ta ' WSi9ht ° 1 test soiution >' 3nd 50 ml ° f the ba "^- 

As controls, a "no inhibitor" test solution, a sulfate test solution and a barium test solution were prepared. The "no 



11 



EP 0 792 890 A1 

inhibitor" test solution was prepared by combining 1 ml of the buffer solution, 50 mi of the sulfate-containing solution, 
50 ml of the barium-containing solution, and deionized water in an amount equal to the amount of inhibitor solution 
added to the inhibitor test solution. For example, if 2.5 ml of inhibitor solution (total) was added to the inhibitor test 
solution, 2.5 ml of deionized water was added to the "no inhibitor" test solution. The sulfate test solution was prepared 

s by combining 1 ml of the buffer solution, 100 ml of the sulfate-containing solution, and deionized water in an amount 
equal to the amount of inhibitor solution added to the inhibitor test solution. The barium test solution was prepared by 
combining 1 ml of the buffer solution, 1 00 ml of the barium-containing solution, and deionized water in an amount equal 
to the amount of inhibitor solution added to the inhibitor test solution. 

The inhibitor, no inhibitor, sulfate, and barium test solutions were placed in a water bath at 85°C and gently shaken 

io for 24 hours. After the 24 hour incubation period, the test solutions were removed one at a time from the water bath 
and a diluted test solution was prepared from each test solution for analyzing barium content. The diluted test solution 
was prepared by adding to a 100 ml flask the following ingredients in the order listed: 

(1 ) 5 ml of EDTA Solution 
is (2) 30 ml of deionized water 

(3) 5-10 g of supernatant taken from the incubated test solution 

(4) deionized water (balance to make 100 ml) 

The EDTA Solution consisted of 100 grams of KgEDTA^HgO per 1000 grams of solution and deionized water 
20 (balance). The pH of the EDTA Solution was adjusted to 10.5 with KOH pellets. 

The diluted test solutions were measured for barium using direct current plasma on a Spectra Span 7 DCP Spec- 
trometer manufactured by Applied Research Laboratories Fisons located in Valencia, California. The concentration of 
the barium in the undiluted test solutions was calculated from the measured values of barium. The percent barium 
sulfate inhibition was obtained from the following formula: 



25 



30 



35 



50 



55 



Percent BaSO A Inhibition = 



100 X [Ba Inhibitor - Ba No Inhibitor] 



0.5 X [Ba Barium + Ba Sulfate] - Ba No Inhibitor 
where: 

Ba Inhibitor = concentration of barium in inhibitor test solution 
Ba No Inhibitor = concentration of barium in no inhibitor test solution 
Ba Barium = concentration of barium in barium test solution 
Ba Sulfate = concentration of barium in sulfate test solution 



Claims 

1. A process for preparing low-molecular weight phosphonate-terminated polymers, comprising polymerizing mon- 
40 omers selected from one or more of unsaturated carboxyiic acid monomers, unsaturated ■non-carboxylic B acid 

monomers and unsaturated acid-free monomers, in the presence of (a) water, (b) one or more water-soluble ini- 
tiators and (c) phosphorous acid or a salt thereof; wherein the unsaturated carboxyiic acid monomers comprise 
unsaturated monocarboxylic acid monomers and unsaturated dicarboxylic acid monomers; wherein from 75 to 1 00 
percent by weight of the unsaturated monocarboxylic acid monomers are metered into a polymerization reactor 
45 containing water and from 25 to 100 percent by weight of the phosphorous acid or salts thereof; and wherein an 

alkaline neutralizer is present during the polymerization in an amount sufficient to neutralize at least 30 percent, 
based on equivalents, of the acid groups of the unsaturated carboxyiic acid monomers present: to provide an in- 
process solids level of at least 40 percent based on the weight of solid reactants relative to the combined weight 
of solid reactants and water at the end of the polymerization. 



2. The process of claim 1 wherein the in-process solids level is from 50 to 70 percent by weight. 

3. The process of claim 2 wherein the alkaline neutralizer is present in an amount sufficient to neutralize 50 to 100 
percent, based on equivalents, of the acid groups of the unsaturated carboxyiic acid monomers. 

4. The process of claim 1 wherein the phosphorous acid is present in an amount of from 1 to 25 percent by weight 
based on total monomer weight. 
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8. The process of claim 1 wherein the monomers comprise from 20 to 1 00 percent bv weioht of mnnmare . i. , w 

from oToTm^ ^ 26 to 90 PerCent b * « —mere se.ected 

^ monomers ^JTT?:^^ <° - — * wei g ht of 

11 ' Io h OoT" 2 ° f C ' aim 1 Wh6rein ' OW m ° leCU,ar WSi9ht Pnosphonate-terminated po. y mer has a of less than 
12 " p^eXupf 1 WhSrein ^ ' OW m ° ,eCU,ar WSi9ht P ° ,ymer t« are substantia.* phos- 
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